The essential oils yield and composition of the aerial parts of A. annua var. CIM-Arogya grown in Uttarakhand, India were analyzed and compared by capillary GC and GC-MS at different stages of development. The analysis led to the identification of 81 constituents forming 91.0%-97.1% of the essential oils compositions. The essential oil content of the aerial parts was found to vary from 0.3% to 0.7% at different stages of growth. A. annua crop harvested at full flowering and seed setting stage gave higher yield of essential oil (0.6%, 0.7%) than that harvested at pre flowering (0.5%), late vegetative (0.4%, 0.5%), mid vegetative (0.4%, 0.4%) and early vegetative stages (0.3%, 0.3%). The essential oils at different stages of growth showed monoterpenoids (38.5%-72.0%) and sesquiterpenoids (22.2%-48.2%) as major grouped constituents. The major constituents identified were camphor (22.8%-42.6%), 1,8-cineole (3.7%-8.4%), linalool (<0.1%-11.9%), β-caryophyllene (2.0%-9.2%), (E)-β-farnesene (1.3%-8.5%), germacrene D (0.5%-7.3%) and 1-epi-cubenol (0.7%-5.2%) in essential oil samples collected at different crop stages.
Artemisia annua L. commonly known as sweet wormwood or Qinghao is an annual herb native to Asia and has been used for many centuries in the treatment of fever and malaria [1] . A. annua is a potential source of compounds with antimalarial, antibacterial, anti-inflammatory, anticoccidial, and antitumor activities [2] . A. annua is cultivated mainly for its leaves which possess artemisinin (a sesquiterpene lactone) with potent antimalarial activity against multi-drug resistant Plasmodium species [1, 3] . Current research also shows that artemisinin based drugs are also effective against cancer, Leishmania, Trypanosoma, and some viruses [1b,4] . In India, A. annua was industrially cultivated at Gujarat, Uttar Pradesh, Uttarakhand, Himachal Pradesh and Karnataka; however, on large scale it is cultivated in China, Vietnam, Turkey, Iran, Afghanistan, and Australia [1b, 5] . The aerial parts of A. annua are highly aromatic and give essential oil rich in monoterpenes, sesquiterpenes, diterpenes and phenyl propanoids. The major constituents reported in the essential oils from different origins were artemesia ketone, camphor, 1,8-cineole, artemisia alcohol, germacrene D, β-caryophyllene, (E)-β-farnesene, spathulenol, β-selinene, trans-pinocarveol, camphene hydrate and myrcene etc [1b,6] . To meet the demand of A. annua on global level, CIMAP (CSIR, India) has developed a novel genotype 'CIM-Arogya' of A. annua with high herb and artemisinin content (0.8%-1.1%) and was found to be suitable for commercial cultivation [7] . The chemical composition of the essential oil of an aromatic plant species could differ due to harvesting season and geographical conditions arising from seasonal variations, which further depend on genotypes/chemotypes. However, harvesting stage and time of harvest; in general has a close relation to yield and quality of essential oil and it varies with place to place and plant to plant [8] . Keeping this in view, the present communication deals with the variation in volatile oil composition of the aerial parts of A. annua var. CIM-Arogya at different crop stage from western Himalaya, Uttarakhand, India.
The essential oils yield and composition of the aerial parts of A. annua grown in Uttarakhand, India were analyzed and compared by capillary GC and GC-MS at different stages of development. The analysis led to the identification of 81 constituents forming 91.0%-97.1% of the essential oils compositions. The oil yield and the respective percentage of all constituents identified are given in table 1 in order of their elution in DB-5 (0.30 m X 0.25 mm) column. The essential oil content of the aerial parts was found to vary from 0.3% to 0.7% at different crop stages. A. annua crop harvested at flowering and seed setting stages gave higher yield of essential oil (0.6% and 0.7%) than that harvested at late vegetative (0.4%, 0.5%), mid vegetative stage (0.4%, 0.4%) and early NPC Natural Product Communications 2011 Vol. 6 No. 2 239 -242 vegetative stages (0.3%, 0.3%). Higher essential oil content at flowering and seed setting stage in A. annua has also been reported earlier from other cultivars of different origin from different geographic regions [1b,4a,6d] . Similar variation in essential oil content has also been noticed in other aromatic crops [8] .
The GC and GC-MS analysis of essential oils from samples collected at different stages of growth showed monoterpenoids (38.5%-72.0%) and sesquiterpenoids (22.2%-48.2%) as major grouped constituents. The content of monoterpenoids were found to be maximum during seed setting stage (72.0%) with minimum sesquiterpenoids content (22.2%) while early vegetative stage (I) was found to contain 38.5% of monoterpenoids with 46.3% of sesquiterpenoids. The major constituents identified were camphor (22.8%-42.6%), 1,8-cineole (3.7%-8.4%), linalool (<0.1%-11.9%), β-caryophyllene (2.0%-9.2%), (E)-β-farnesene (1.3%-8.5%), germacrene D (0.5%-7.3%) and 1-epi-cubenol (0.7%-5.2%) in essential oil samples collected at different stages. The content of camphor was found to be increasing with crop maturity from 22.8% (early vegetative stage) to 42.6% (flowering stage) and 41.3% (flower initiation stage); and it decreases to 36.4% in final seed setting stage. Other constituents identified in significant amount were β-selinene (0.4%-4.3%), epi-αcadinol (0.5%-4.4%), β-pinene (0.2%-3.4%), 10-epi-γeudesmol (0.9%-3.4%), epi-α-bisabolol (<0.1%-3.1%), camphene (0.4%−3.1%), (E)-pinocamphone (<0.1%-3.0%) and borneol (<0.1%-2.5%). Further, there was no regular trend for any other component with respect to crop age in A. annua cv. CIM-Arogya, nevertheless the essential oil obtained from different crop ages showed considerable variation in content and quantitative composition. This could be due to expression of different genes at various crop stages of the plant and further by the environmental factors arising from seasonal variations [8a,8b] . The essential oil composition of the aerial parts (stem and leaves with and without capitulla) of ornamental type of A. annua occurring in China and other Asian countries, Europe and America (6a); artemisinin-rich types of Vietnamese and China origin, and hybrid types of known and unknown parentage were previously investigated. The essential oils analysis of ornamental types of A. annua of diverse origin were characterized by Artemesia ketone (30-75%) [9] and those of artemisnin-rich Vietnamese and China origin by camphor (22%) and germacrene D (18%) with absence of Artemesia ketone [4a] . The comparative essential oils of certain accessions from China, France, Hungary, Italy, Japan and USA vary widely in composition by containing Artemesia ketone (5-65%), camphor (2-45%) and 1,8-cineole (<1-16%) as major constituents [4a,6a] . In comparison to these reports, the present results have shown that the oils of the A. annua var. CIM-Arogya was rich in monoterpenoids with camphor (22.8%-42.6%) and 1,8-cineole (3.7%-8.4%) with varying amount of sesquiterpene hydrocarbons and oxygenated sesquiterpenoids. The content of artemisia ketone (<0.1%-0.9%) and artemisia alcohol (<0.1%-1.0%) was found to be very low as compared to the earlier literature which report these constituents as one of the major constituents in the essential oils of A. annua from different origin [6, 9] . Finally, it was concluded that the yield and chemical composition of essential oils of A. annua var. CIM-Arogya was strongly dependent on crop stage of the plant, and therefore the flowering initiation/flowering and seed setting stages may be the best harvesting time for the maximum content and quality (camphor) of the essential oils.
Experimental

Plant materials:
The fresh aerial part of A. annua cv. CIM -Arogya were collected from cultivated crops at experimental field of CIMAP Research Center, Pantnagar, Uttarakhand, India.The seeds of A. annua var. CIM-Arogya were sown in the nursery in mid November; 45 days old seedlings were transplanted in the field and crop was raised following normal agricultural practices. The experimental site is located at latitude of 29.00 0 N, longitude of 79.38 0 E and at an altitude of 243.84 MSL and it experiences climate with hot summer and chilled winter. The maximum temperature ranges between 35ºC-45°C and the minimum between 2ºC-5ºC with average rainfall 1350 mm. The soil was clay loam in texture with neutral in reaction (pH 7.1). The samples were collected at different stages of the plant growth (I-IX, Table 1 ).
Isolation of the oils:
Freshly harvested samples (100 g, each) were subjected to hydro-distillation using Clevengertype apparatus for 3 hours. The oils were collected, measured and dried over anhydrous Na 2 SO 4 and were stored in sealed vials under refrigeration prior to analysis.
GC & GC-MS analysis:
The GC and GC-MS analysis of the oil samples was carried by standard methods reported earlier [10] .
Identification of constituents:
Identification of constituents were done on the basis of retention time, Arithmetic Retention Index (AI, determined with reference to homologous series of n-alkanes (C 9 -C 24 , Aldrich) under identical experimental condition), coinjection with standards (Aldrich and Fluka), mass spectra library search (NIST/EPA/NIH version 2.1 and Wiley registry of mass spectral data 7th edition) and by comparing with the mass spectral literature data [11] . The relative amounts of individual components were calculated based on computer calculated GC peak areas without corrections for FID response factor.
